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Description 

[0001 ] This invention relates to the production of middle distillates, suitable for use as, or in, diesel or jet fuels, having 
excellent low temperature properties. More particularly, this invention relates to the production of such distillate fuels 
5 from a waxy hydrocarbon produced by the reaction of CO and hydrogen, for example in a Fischer-Tropsch hydrocarbon 
synthesis process. 

[0002] The waxy product of a hydrocarbon synthesis product, particularly the product from a cobalt based catalyst 
process, contains a high proportion of normal paraffins. Nevertheless, the products from hydrocarbon synthesis must 
be useful in a wide variety of applications, just as are the products from naturally occurring petroleum. Indeed, the prod- 
10 ucts must be fungible and the application must not be affected by the source of the product. Waxy products provide 
notoriously poor cold flow properties making such products difficult or impossible to use where cold flow properties are 
vital, e.g., lubes, diesel fuels, jet fuels. 

[0003] Cold flow properties can be improved by increasing the branching of distillates within the proper range as well 
as by hydrocracking heavier components. HydrocracWng, however, produces gaseous and light products that tend to 
75 reduce the yield of valuable distillates, and there remains a desire for maximizing distillates obtained from Fischer-Trop- 
sch waxes. 

[0004] EP-A-0471524 discloses a method for producing a light oil of low viscosity and high viscosity index out of a 
heavy bottoms fraction boiling above a cut-off temperature in the range SSO-SOO^C, obtained by the fractionation of iso- 
merate produced by the hydroisomerization of heavy waxes, said method comprising the steps of severely hydrotreat- 

20 ing the heavy bottoms fraction over a catalyst and refractionating the severely hydrotreated fraction. The said severe 
hydrotreating conditions may include a temperature in the range of from 300 to 500°C, a pressure in the range 500 to 
5000 psig (3.45 to 34.48 MPa). a hydrogen treat gas rate of 250 to 5000 SCF H 2 /bbl feed (0.0445 to 0.89 rrv^Hg/liter 
feed) and a space velocity of 0. 1 to 1 0.0 v/v/hr. A suitable catalyst may be selected from the metals, oxides and sulfides 
of Group VIB and non-noble Group VIII on a refractory metal oxide support. The method may comprise a dewaxing step 

25 performed prior to or after the re-fractionation step. The said re-fractionation step may be practised to recover the oil 
fraction boiling in the 330°C to 580°C-600°C range. The severely hydrotreated bottoms fraction may be subjected to 
mild condition hydroisomerization prior to re-fractionation. 

[0005] The present invention provides a process for producing middle distillate transportation fuel components from 
the waxy product of a hydrocarbon synthesis process which comprises: 

30 

(a) separating the said waxy product into a heavier fraction boiling above 500°F (260°C) and at least one lighter 
fraction boiling below 500°F (260°C), and separately recovering the said heavier and lighter fractions; 

(b) catalytically isomerizing the said heavier fraction recovered in step (a) in the presence of hydrogen and recov- 
35 ering desired products with improved cold flow properties; 

(c) catalytically hydrotreating at least one lighter fraction and removing heteroatom compounds therefrom; 

(d) catalytically isomerizing the product of step (c) to produce a desired fuel component product having a freeze 
40 point of -30°F (-34°C) or lower. 

[0006] The lighter fraction preferably boils in the range C 5 -500°F (260°C), e.g., in the range of from 320-500°F (160- 
260°C). 

[0007] The heavier fraction preferably is substantially free of materials boiling below 500°F (260°C), e.g., preferably 
45 it contains less than about 3% hydrocarbons boiling below 500°F (260°C). 

[0008] Preferably, at least a portion of the product of step (b) is combined with at least a portion of the product of step 
(d). Preferably, at least a portion of the product boiling in the range 320-500°F (160-260°C) from step (b) is combined 
with at least a portion of product boiling in the range 320-500°F (160-260°C) of step (d). 

[0009] The product recovered from step (b) preferably boils in the range 320-700°F (160-370°C), preferably 500- 
so 700°F (260-370°C). Preferably, the product recovered from step (d) boils in the range 320-500°F (160-260°C). 

[0010] The process of the present invention tends to increase the yield of distillates, such as kerosene, diesels, and 
lube base stocks as well as providing excellent cold flow properties that are essential for the utility of these materials. 
In accordance with this invention, materials useful as diesel and jet fuels or as blending components for diesel and jet 
fuels are produced from waxy Fischer-Tropsch products by a process comprising: separating (by fractionation) the waxy 
55 Fischer-Tropsch product into a heavier fraction boiling above about 500°F (260°C) and at least one lighter fraction boil- 
ing below about 500°F (260°C), for example, a 320/500°F fraction but preferably an all remaining liquid, at atmospheric 
pressure, fraction, i.e., a C^SOO^ (260°C) fraction. 

[0011] The heavier fraction is catalytically hydroisomerized, preferably in the absence of intermediate hydrotreating, 
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and produces products with excellent cold flow characteristics that can be used as jet fuels and diesel fuels or as blend- 
ing components therefor. Preferably this isomerized material produces jet fuels having a freeze point of about -40°F (- 
40°C) or lower and diesel fuels having low cloud points, and cetane ratings less than that of the corresponding normal 
paraffins; thus, indicating increased product branching relative to the waxy paraffin feed. 
5 [001 2] The lighter fraction, either the 320/500 (1 60-260°C) cut or the C5/500 (C5^60°C) cut, is first subjected to mild 
catalytic hydrotreating to remove hetero-atom compounds, such as oxygenates, followed by catalytic hydroisomeriza- 
tion thereby producing materials also useful as diesel and jet fuels or useful as blending components therefor. Option- 
ally, all or a part of each product stream can be combined or blended and used as diesel or jet fuels or further blended 
for such use. 

10 [001 3] The catalysts useful in each hydrotreating and hydroisomerization can be selected to improve the qualities of 
the products. 

[0014] In one embodiment of this invention, any 700°F+ (371°C+) materials produced from either hydroisomerization 
step can be recycled or fed to the hydroisomerization step for the heavier fraction for further conversion and isomeriza- 
tion of the 7000°F+ (371 °C+) fraction. 

15 

BRIEF DESCRIPTION OF THE DRAWING 
[0015] 

20 Figure 1 is a schematic arrangement of the process and its embodiments. 
PETAILgp P5SCRIPTIQN 

[001 6] The Fisch er-Tropsch process can produce a wide variety of materials depending on catalyst and process con- 
25 ditions. Currently, preferred catalysts include cobalt, ruthenium and iron. Cobalt and ruthenium make primarily paraff inic 
products, cobalt tending towards a heavier product slate, e.g., containing C20+, while ruthenium tends to produce more 
distillate type paraffins, e.g., C 5 -C 20 . Regardless of the catalyst or conditions employed, however, the high proportion 
of normal paraffins in the product must be converted into more useable products, such as transportation fuels. This con- 
version is accomplished primarily by hydrogen treatments involving hydrotreating, hydroisomerization, and hydrocrack- 
30 ing. Nevertheless, the feed stock for this invention can be described as a waxy Fischer-Tropsch product, and this 
product can contain C 5 + materials, preferably C 10 +. more preferably C20+ materials, a substantial portion of which are 
normal paraffins. A typical product slate is shown below, which can vary by ± 10% for each fraction. 



TABLE A 



45 



Typical product slate from F/T process 




liquids: 








Wt% 


IBP-160°C 


IBP - 320°F 


13 


160 - 260°C 


320 - 500°F 


23 


260- 371 °C 


500 - 700°F 


19 




700-1050°F 


34 


565°C+ 


1050°F+ 


11 






100 



50 [001 7] The feed stock is separated, usually by fractionation into a heavier fraction and at least one lighter fraction. The 
heavier fraction, preferably a 500°F+ (260°C+) fraction is substantially free of 500°F- (260°C-) materials. Preferably, the 
heavier fraction contains less than about 3 wt% 500°F-. We have found that hydrotreatment of this fraction, while allow- 
ing for increased conversion upon hydroisomerization, does not provide the excellent cold flow properties that can be 
obtained by hydroisomerization of an untreated fraction. Consequently, the heavier fraction is preferably subjected to 

55 catalytic hydroisomerization in the absence of any prior hydrotreating step. In other words the heavier fraction is not 
subjected to any chemical or catalytic treatment prior to hydroisomerization. 

[0018] Hydroisomerization is a well known process and its conditions can vary widely. For example, Table B below 
lists some broad and preferred conditions for this step. 
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TABLE B 





CONDITION 


BROAD RANGE 


PREFERRED RANGE 


5 


temperature, °F (°C) 


300-800 (149-427) 


650-750 (343-399) 




gauge pressure, psig (bar.gauge) 


0-2500(0-172) 


500-1200 (34-83) 




hydrogen treat rate, SCF/B (m 3 /m 3 ) 


500-5000 (88.9-889.5) 


2000-4000(355.8-711.6) 


10 


hydrogen consumption rate. SCF/B 


50-500 (8.89-88.9) 


100-300(1.78-5.34) 



[001 9] While virtually any catalyst may be satisfactory for this step, some catalysts perform better than others and are 
preferred. For example, catalysts containing a supported Group VIII noble metal, e.g., platinum or palladium, are useful 

75 as are catalysts containing one or more Group VIII base metals, e.g., nickel, cobalt, which may or may not also include 
a Group VI metal, e.g., molybdenum. The support for the metals can be any refractory oxide or zeolite or mixtures 
thereof. Preferred supports include silica, alumina, titania, zirconia, vanadia and other Group III, IV, VA or VI oxides, as 
well as Y sieves, such as uftrastable Y sieves. Preferred supports include alumina and silica-alumina where the silica 
concentration of the bulk support is less than about 50 wt%, preferably less than about 35 wt%. More preferred supports 

20 are those described in US patent 5,187,138 incorporated herein by reference. Briefly, the catalysts described therein 
contain one or more Group VIII metals on alumina or silica-alumina supports where the surface of the support is mod- 
ified by addition of a silica precursor, e.g. , Si (OC 2 H 5 ) 4 . Silica addition is at least 0.5 wt% preferably at least 2 wt%, more 
preferably about 2-25 wt%. 

[0020] One factor to be kept in mind in hydroisomerization processes is that increasing conversion tends to increase 
25 cracking with resultant higher yields of gases and lower yields of distillate fuels. Consequently, conversion is usually 
maintained at about 35-80% of feed hydrocarbons boiling above 700°F (371 °C) converted to hydrocarbons boiling 
below 700°F (371 °C). 

[0021] Trie cold flow properties of the resulting jet fuel (320/500°F, 160/260°C) fraction and diesel fuel (500/700°F, 
260/371 °C) fraction are excellent, making the products useful as blending stocks to make jet and diesel fuels. 

30 [0022] At least one lighter fraction boiling below 500°F (260°C) is also recovered and treated. The lighter fraction can 
be a 320-500°F (160-260°C) fraction or preferably the entire liquid fraction boiling below 500°F (260°C), that is. the 
05/500° (260°C) fraction. In either case the treatment steps are the same. First, the lighter fraction is hydrotreated to 
remove hetero-atom compounds, usually oxygenates formed in the hydrocarbon synthesis process. Hydrotreating tem- 
peratures can range from about 350-600°F (1 77-31 5°C), pressures from about 100-3000 psig (6.9-207 bar gauge) and 

35 hydrogen consumption rates of about 200-800 SCF/B feed (35.6-142.3 m 3 /m 3 ). Catalysts for this step are well known 
and include any catalyst having a hydrogenation function, e.g., Group VIII noble or non-noble metal or Group VI metals, 
or combinations thereof, supported on refractory oxides or zeolites, e.g, alumina, silica, silica-alumina; alumina being a 
preferred support. 

[0023] Turning to the drawing, hydrogen and CO enter Fischer-Tropsch reactor 10 where the synthesis gas is con- 
40 verted to C 5 + hydrocarbons. A heavier fraction is recovered in line 12 and hydroisomerized in reactor 16. The useful 
product, a 320-700°F (1 60-371 °C) fraction is recovered in line 22 and may be used as diesel or jet fuel or as blending 
components therefore after fractionation (not shown). In one embodiment, the 700°F+ (371 °C+) material is recovered 
from the product in line 1 8 and recycled to the reactor 1 6. In another embodiment the light naphtha, e.g., C5/320 fraction 
is flashed in line 20 and sent to hydrotreater 15 or optionally by line 26 to the overhead line 13 containing C^320°F 
45 (260°C) naphtha for collection and storage. 

[0024] The light fraction, in line 1 1 may be a 320/500°F (1 60/260°C) fraction or a C5/500°F (260°C) fraction. In the 
latter case overhead line 13 does not exist, in the former it collects the light naphtha, i.e., the Cs/320°F (160°C) fraction. 
The lighter fraction is hydrotreated in hydrotreater 1 5 and the resulting light naphtha is flashed in line 1 7 to line 1 3. The 
320/500°F (1 60/260°C) fraction is recovered in line 19 and hydroisomerized in reactor 21 . The resulting product in line 
so 23 may be used as jet fuel or as a blending agent therefor, and optionally may be combined via line 25 with product from 
reactor 16 in line 24. Light naphtha is flashed from reactor 21 and recovered in line 27. 

[0025] After hydrotreating the lighter fraction, the light naphtha is flashed off and the remaining material is subjected 
to hydroisomerization. The catalyst can be any catalyst useful in hydroisomerization of light fractions, e.g.. 320/500°F 
(160/260°C) fractions, and preferably contains a supported Group VIII noble metal. The noble metal catalysts contain- 
55 ing platinum or palladium as described in US 5,187,138 are preferred. 
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TABLE C 



5 


CONDITION 


BROAD RANGE 


PREFERRED RANGE 


temperature, °F (°C) 


300-800 (149-427) 


600-750 (343-399) 




pressure, psig (bar, gauge) 


50-2000 (3.5-138) 


700-1200 (34-83) 




hydrogen treat rate, SCF/B 


500-5000 (88.9-889.5) 


2000-4000(355.8-711.6) 


10 


hydrogen consumption rate, SCF/B 


50-500 (8.89*8.9) 


100-300 (7.8-53.4) 



[0026] In catalytic hydroisomerization reactions feed cracking should be maintained as low as possible, usually less 
than 20% cracking, preferably less than 10%, more preferably less than about 5%. 
15 [0027] The following examples will serve to illustrate further this invention. 

EXAMPLE 1 

[0028] A series of six catalysts (A-H) was investigated for isomerization of a non-hydrotreated Fischer-Tropsch wax 
20 material with an initial boiling point of about 5000°F (260°C) and an oxygen content of about 0.45 wt%. All of the cata- 
lysts were prepared according to conventional procedures using commercially available materials well known in the art. 
(Catalysts I through N were used in later experiments.) The tests were conducted in a small upflow pilot plant unit at 
1000 psig, 0.5 LHSV, with a hydrogen treat gas rate near 3000 SCF/Bbl (533.7 m 3 /m 3 ), and at temperatures of 650 to 
750°F (343-399°C). Material balances were collected at a series of increasing temperatures with operation periods of 
25 100 to 250 hours at each condition. The composition of the catalysts is outlined in Table 1 . Table 1 also indicates the 
relative activity of the catalysts expressed as the reaction temperature needed to achieve 40-50% conversion of feed 
hydrocarbons boiling above 700°F (371°C) to hydrocarbons boiling below 700°F (371°C). Catalysts described as being 
surface impregnated with silica were prepared in accordance with US-A-5,187,138. 



30 

TABLE 1 





CATALYST 


COMPOSITION 


REACTION T °F (°C) 


700°F+ (371°C+) CON- 
VERSION (WT%) 


35 


A 


12% Mo-0.5% Ni-3% Co on 10% Si0 2 -Al 2 0 3 


726 (385) 


46 




B 


12% Mo-0.5% Ni-3% Co on 20% Si0 2 -Al 2 0 3 


705 (374) 


46 




C 


12% Mo-0.5% Ni-3% Co on 27% Si0 2 -Al 2 0 3 


705 (374) 


44 




D 


4% surface impregnated silica on A 


708 (376) 


53 


40 


E 


8% surface impregnated silica on A 


696(368) 


44 




F 


1 6% surface impregnated silica on A 


668(353) 


40 


45 


G 
H 


4% surface impregnated silica on 0.6% Pt on 10% 
Si0 2 -Al 2 0 3 

4% surface impregnated silica on 0.7% Pd on 
10%SiO 2 -AI 2 O 3 


707 (375) 
716(380) 


39 
43 


50 


I 


0.5% Pd on composite support with 20% Al 2 0 3 
and 80% ultrastable-Y 






J 
K 


6% surface impregnated silica on 0.3% Pd on 
10%SiO 2 -AI 2 O 3 

0.5% Pd on 75% Si0 2 -Al 2 0 3 






55 


L 
M 


0.5% Pd on composite support with 80% high sil- 
ica zeolite Y and 20% Al 2 0 3 

7.0% F on 0.6%Pt/AI 2 O 3 
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TABLE 1 (continued) 



CATALYST 


COMPOSITION 


REACTION T °F (°C) 


700°F+ (371 ^CON- 
VERSION (W7%) 


N 


0.5% Pt on ultrastable-Y zeolite i 







[0029] Clearly, different catalysts displayed significant differences in wax conversion activity. The most active materi- 
als were those produced using a surface silica additive. However, for the purposes of this invention, activity is not a crit- 
ical factor. More important factors include the selectivity for producing jet fuel and diesel fuel versus gas and naphtha 
10 and the quality of the resulting jet fuel and diesel ; e.g. , these products should approach or meet cold flow property spec- 
ifications for use as transportation fuels. 

[0030] Table 2 provides a comparison of product distributions, jet fuel freeze points, diesel pour points, and cetane 
ratings for operations carried out at 40-50% 700°F+ (371 °C+) conversion. All the catalysts considered in this example 
showed more-or-less similar boiling range product distributions characterized by high selectivity to 320/500°F 
75 (1 60/260°C) jet fuel range hydrocarbons with low gas and naphtha make. Other catalysts (not shown) were also exam- 
ined which did not show such favorable selectivities. 
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[0031] Table 2 shows that only certain catalysts combine high activity and jet/diesel selectivity in achieving cold flow 
properties. Specifically, Catalyst A was not able to produce jet fuel with acceptable cold flow properties. However, cat- 
alysts containing the same metal combination and loadings on silica-alumina supports with 20-30 wt% silica content (B 
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and C) provided acceptable performance. Also, CoNiMo/1 0% Si0 2 -Al 2 0 3 catalysts which were modified by the addition 
of an additional 4-16 wt% silica as surface impregnated silica (catalysts D-F) also provided good performance. Good 
performance was also recognized with surface silica modified catalysts containing platinum or palladium (G,H) in place 
of CoNiMo. These types of catalysts (represented by B-H) produced products of similar overall quality and are strongly 
5 preferred for the wax isomerization step for 500°F+ (260°C+) material. 

EXAMPLE 2 

[0032] Catalyst D (4% SiO2/CoNiMG/10% Si0 2 -Al 2 0 3 ) was tested for 500°F+ (260°C+) wax conversion activity, selec- 
w tivity, and product quality under several different sets of processing conditions. In these tests, the catalyst was in the 
form of 1/20" (1.27 mm) quadrilobe extrudates in a 200 cm 3 pilot plant reactor. Table 3 summarizes results of these 
studies which employed the same non-hydrotreated wax feed as in Example 1. Activity was improved with equivalent 
selectivity and jet fuel quality when the (gauge) pressure was lowered to 500 psig (34.5 bar) and space velocity was 
increased to 1.0 LHSV. However, when the wax feed rate was increased to 3.0 LHSV and the temperature also 
15 increased, the selectivity pattern changed dramatically, e.g., the yield of jet fuel was lowered in favor of gas and naphtha 
production, and the quality of the jet fuel was also impaired as reflected by an increased freeze point. The detailed rea- 
sons for this change in selectivity are not fully understood, although pore diffusion limitations are believed to be a pri- 
mary factor contributing to the inferior performance at 3 LHSV. 



20 



25 



30 



35 



I 



TABLE 3 

RELATIVE 
RATE CONSTANT FOR 
CONDITTOWS 700 T+ (371T>) CONVERS ION SELECTIVITY 

_ 70O°F/100O paig/0.5 LHSV 1.0-Base Base 



2 r 700 •?/ 500 paig/1.0 LHSV 2.0 

3. f 725°P/1000 paig/3.0 LHSV 4-5 -8% jet/diesel; 

I 34f*Cp*hrywp/*** ****** +7% gaa/naphtha 



EXAMPLE 3 



[0033] Several tests were also carried out using a 550°F+ (288°C+) Fischer-Tropsch wax which was hydrotreated to 
remove small levels of oxygen-containing hydrocarbons (alcohols, aldehydes, etc.) prior to isomerization. Hydrotreating 

40 was carried out at 635°F (335°C), 1000 psig (70 bar gauge), 2500 sd/BW H 2 (444.7 m 3 /m 3 ) treat rate, and at space 
velocities of 0.5 to 3.0 LHSV using a commercial suffided NiMo/AJ 2 0 3 catalyst. Wax isomerization and hydrocracking 
was subsequently carried out using Catalyst B at 1000 psig (70 bar gauge). 0.5-3.0 LHSV. and 620-660°F (327-349°C). 
Results from these tests are compared with single stage isomerization operations in Table 4. The reactivity of the 
Fischer-Tropsch wax for conversion during isomerization was increased greatly by prehydrotreating. For example, 50% 

45 700°F+ (371°C+) conversion was achieved near 600°F (315°C) with the hydrotreated wax versus a temperature 
requirement near 700°F (371 °C) with the non-hydrotreated wax. However, the quality of the jet fuel produced with 
hydrotreating followed by isomerization was not as good as that achieved with single stage operations. Based on this 
behavior, wax isomerization is preferably carried out using non-hydrotreated 500°F+ (260°C+) Fischer-Tropsch product. 

50 



55 
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TABLE 4 



500°F+ (260°C+) Feed 


Reaction T°F(°C) 


700°F+(371°C+) Con- 
version (%) 


Product Properties at 75°F 








320/700°F 
(1 60/371 °C) 


700°F+ 
(371 °C+) 


Non-hydrotreated 
Hydrotreated 


716(380) 
608 (320) 


57 
56 


clear liquid 
cloudy, waxy liquid 


clear liquid 
hard wax 


at 1000 psig, 0.5 LHSV, 2500 SCF/BW (70 bar gauge, 0.5 LHSV 1 , 444.7 m 3 H 2 /m 3 oil) 



15 EXAMPLE 4 

[0034] Tests were also carried out using Fischer-Tropsch wax feeds with variable contents of 500°F- (260°C-) hydro- 
carbons. As shown in Table 5 for similar levels of 700°F+ (371 °C+) feed conversion, the quality of the 320/500°F 
(160/260°C) jet fuel (judged from freeze point measurements) improved as the 500°F- (260°C-) content on feed 
20 decreased. In order to meet jet fuel freeze point specifications at 700°F+ (371 °C+) conversion levels near 50-60%, the 
content of 500° F- (260°C-) hydrocarbons on wax feed is less than about 6%, preferably less than 4 wt%, and most pref- 
erably less than 2 wt%. 



TABLE 5 



At 50% 700+°F (371 °C+) Conversion to 700°-F 


(371°C-) Material 


Wt%500°F(260°C) in 


Freeze Pt. of 320/500°F 


Wax 


(160/260^) Jet Compo- 




nent 


5.5 


-33°C (-27°F) 


1.5 


-45°C (-49°F) 



35 

EXAMPLE 5 

[0035] Catalyst H of Example 1 and catalyst I were evaluated for isomerization of a light oil Fischer-Tropsch product 
boiling between 100°F (38°C) and 500°F (260°C) (approximating a C5/500°F (C5/260°C) fraction). The reaction condi- 
40 tions were similar to those described in Example 1 . Catalyst I was a commercially available hydrocracking catalyst con- 
taining 0.5 wt% Pd dispersed on a particulate support material containing about 80 wt% ultrastable-Y zeolite and 20 
wt% alumina. Little or no conversion of this feed could be accomplished with either catalyst for reaction temperatures 
upto750°F(399°C). 

45 EXAMPLE 

[0036] The same feed employed in Example 4 was subjected to hydrotreating and fractionation before isomerization 
tests were conducted. Hydrotreating was carried out at 350 psig (24.1 bar gauge), 450°F (232°C), and 3 LHSV using a 
50% Ni/Al 2 0 3 catalyst. After hydrotreating, the feed was topped to an initial boiling point of about 350°F (177°C) prior 

so to isomerization tests. The isomerization tests were carried out at 350-600 psig (24-41 bar gauge), 550-700°F (288- 
371°C), and 1 LHSV using catalysts J and L described in Table 1 . In contrast to Example 4, the hydrotreated distillate 
feed showed good reactivity for conversion to naphtha and isomerized distillate range hydrocarbons that are suitable 
for use as diesel and jet fuel blending components. At high levels of 500°F+ (260°C+) conversion, the 320/500°F 
(1 60/260°C) product produced over catalyst J was suitable for use as jet fuel without further blending. This catalyst con- 

55 tained 0.3 wt% palladium dispersed on a 10% Si0 2 -Al 2 0 3 support which was further modified by the addition of 6 wt% 
surface silica derived from impregnation of Si(OC 2 H 5 ) 4 . This catalyst displayed a superior selectivity for jet fuel produc- 
tion versus gas and naphtha as compared to the more active catalysts K and L which contained 0.5% palladium dis- 
persed on supports containing 75% Si0 2 -Al 2 0 3 and urtrastable-Y zeolite, respectively. Table 6 compares product 
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distributions and jet quality at several conversion levels. 



TABLE 6 



HYDROISOMERIZATION OF HYDROTREATED 350/500 F-T DISTILLATE 


CATALYST 


T op (on\ 




PRODUCT YIELDS (WT%) 


320/500° F 
(160/260°C) 
FREEZE PT (°F) 








C1/320°F 
(160°C) 


320/500°F 
(160/260°C) 




Pd/US-Y 


588.7 (309) 


71.6 


40.64 


59.36 


-38 (-39°C) 


Pd/Si-enhanced 
TN-8 Si0 2 -Al 2 0 3 
(from U.S.-A- 
5,187,138) 


599.8(315) 


84.1 


54.63 


45.37 


-51 (-46°C> 



EXAMPLE 7 

[0037] Isomerization tests were also carried out with the same hydrotreated 350°F+ (1 76.7°C+) distillate feedstock 
employed in Example 6 using catalyst K described in Table 1 and a lab catalyst prepared by impregnating 0.5 wt% pal- 
ladium onto the same 20% Si0 2 - Al 23 support that was used to produce catalyst B. 

[0038] This catalyst was dried and calcined in air at 450°C for 3-4 hours prior to use. In this case, the test goal was 
to maximize the yield of 320-500°F (160-260°C) boiling range distillate satisfying a freeze point specification of -50°F (- 
45°C). Table 7 compares product yields under these conditions of constant product quality. It can be seen that the cat- 
alyst produced using the 20 wt% silica support provided improved distillate yield and reduced gas and naphtha make 
as compared to the catalyst produced using the high (75 wt%) silica content support, although both catalysts provided 
effective performance. 



TABLE 7 



Hydroisomerization of Hydrotreated 350/500°F (175/260°C) F-T Distillate 


Catalyst 


0.5%Pd/20% Si0 2 -Al 2 0 3 


0.5%Pd/75%SiO 2 -AI 2 O 3 


Yield (wt%) at -50°F (-45°C) 




320/500°F (160-260°C) Freeze Point 




C r C 4 Gas 


1.8 


2.6 


C5/320°F(160°C) 


10.5 


13.5 


320/500°F 


82.5 


77.7 


(160/260°C) 






500°F+ (260°C+) 


5.4 


6.5 



EXAMPLE 8 

[0039] Isomerization tests were also conducted using a second hydrotreated normal paraffin feedstock containing pri- 
marily distillate range hydrocarbons. In this case, six catalysts (A,D,G,H,M,N) were investigated at 1000 psig (70 bar 
gauge), 0.5 LHSV, and with temperatures ranging from 400°F (204°C) to 700°F (371°C). As shown in Table 8, very dif- 
ferent activity and selectivity patterns were observed with the different catalysts. Catalysts A and D containing CoNiMo 
dispersed on silica-alumina supports showed high tendency for C1 -C4 gas make. Catalyst N which contained 0.5 wt% 
platinum on an urtrastable-Y zeolite showed high activity at low temperatures but the products were mostly naphtha 
range hydrocarbons. Catalyst M containing 0.6% Pt dispersed on a f luorided alumina showed good activity combined 
with good selectivity for producing isomerized hydrocarbons in the jet fuel boiling range. However, the best selectivities 
for producing 320/500°F (160/260°C) hydrocarbons versus gas and naphtha were obtained with noble metal catalysts 
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containing 0.6 wt% R or 0.7 wt% Pd dispersed on a 1 0% Si0 2 - Ai 2 0 3 support which was further modified by the addition 
of 4 wt% surface silica derived from impregnation with SKOC^Hs)* 



TABLE 8 





CATALYST 


RXN T°F 


500°F+(260°C+)CONV 
(%) 


PRODUCT YIELDS (WT%) 










CH4 


C2/C4 


C5/320°F 


320/500F 


11/ 


A 


658 (348) 


78 


4.1 


1.6 


8.7 


69 






674 (3571 


93 


9.1 


3.1 


14.7 


54 




D 


656 (347) 


80 


2.1 


1.4 


6.4 


77 


15 




674 (357) 


92 


4.7 


2.5 


14.4 


62 


G 


656(347) 


78 


0.02 


0.65 


4.9 


84 






672 


90 


0.04 


1.6 


11.1 


77 




H 


656(347) 


72 


0.01 


0.61 


3.9 


84 


20 




671 (355) 


88 


0.01 


1.3 


9.0 


80 




M 


590 (310) 


58 


0.01 


0.85 


4.1 


79 




N 


400 (204) 


52 


0.01 


7.6 


25.4 


47 


25 


at 1000 psig/0.5 LHSV/3000 SCF/Bbl-H 2 ; 32% 550°F+ (70 bar gauge/0.5 LHSV/533.7 m 3 /m 3 , 32% 
288°C+)onfeed 



Claims 

30 1 . A process for producing middle distillate transportation fuel components from the waxy product of a hydrocarbon 
synthesis process which comprises: 

(a) separating the said waxy product into a heavier fraction boiling above 500°F (260°C) and at least one lighter 
fraction boiling below 500°F (260°C), and separately recovering the said heavier and lighter fractions; 

35 

(b) catalytically isomerizing the said heavier fraction recovered in step (a) in the presence of hydrogen and 
recovering desired products with improved cold flow properties; 

(c) catalytically hydrotreating at least one lighter fraction and removing hetero-atom compounds therefrom; 

40 

(d) catalytically isomerizing the product of step (c) to produce a desired fuel component product having a 
freeze point of -30°F (-34°C) or lower. 

2. The process of claim 1 wherein the lighter fraction boils in the range C 5 -500°F (260°C). 

45 

3. The process of claim 2 wherein the lighter fraction boils in the range of from 320-500°F (1 60-260°C). 

4. The process of any preceding claim, wherein the heavier fraction is substantially free of materials boiling below 
500°F(260°C). 

50 

5. The process of claim 4, wherein the heavier fraction contains less than about 3% hydrocarbons boiling below 500°F 
(260°C). 

6. The process of any preceding claim, wherein at least a portion of the product of step (b) is combined with at least 
55 a portion of the product of step (d). 

7. The process of claim 6 wherein at least a portion of the product boiling in the range 320-500°F (160-260°C) from 
step (b) is combined with at least a portion of product boiling in the range 320-500°F (160-260°C) of step (d). 
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8. The process of any preceding claim, wherein the product recovered from step (b) boils in the range 320-700°F 
(160-370°C), preferably 500-700°F (260-370°C). 

9. The process of any preceding claim, wherein the product recovered from step (d) boils in the range 320-500°F 
5 (160-260°C). 

PatentansprOche 

1. Verfahren zur Herstellung von Komponenten for Mitteldestiilat-Transportmittelbrennstoffe aus dem wachsartigen 
w Produkt eines Kbhlenwasserstoffsyntheseverfahrens, bei dem: 

(a) das wachsartige Produkt in eine schwerere uber 260 °C (500 °F) siedende Fraktion und mindestens eine 
leichtere unter 260 °C (500 °F) siedende Fraktion getrennt wird und die schwerere und die leichtere(n) Frak- 
tion(en) getrennt gewonnen werden, 

15 

(b) die in Stufe (a) gewonnene schwerere Fraktion in Gegenwart von Wasserstoff katalytisch isomerisiert wird 
und gewQnschte Produkte mit verbesserten Kaltf lieBeigenschaften gewonnen werden, 

(c) mindestens eine leichtere Fraktion katalytisch mit Wasserstoff behandelt wird und daraus Heteroatomver- 
20 bindungen entfernt werden, 

(d) das Produkt aus Stufe (c) katalytisch isomerisiert wird, urn ein gewOnschtes Brennstoffkomponentenpro- 
dukt mit einem Gefrierpunkt von -34 °C (-30 °F) Oder niedriger zu erzeugen. 

25 2. Verfahren nach Anspruch 1 , bei dem die leichtere Fraktion im Bereich C 5 -260 °C (500 °F) siedet. 

3. Verfahren nach Anspruch 2 bei dem die leichtere Fraktion im Bereich 160 bis 260 °C (320 bis 500 °F) siedet. 

4. Verfahren nach einem der vorhergehenden Anspruche, bei dem die schwerere Fraktion im wesentlichen frei von 
30 unter 260 °C (500 °F) siedenden Materialien ist. 

5. Verfahren nach Anspruch 4, bei dem die schwerere Fraktion weniger als etwa 3 % unter 260 °C (500 °F) siedende 
Kohlenwasserstoffe enthSlt. 

35 6. Verfahren nach einem der vorhergehenden AnsprOche, bei dem mindestens ein Teil des Produkts aus Stufe (b) mit 
mindestens einem Teil des Produkts aus Stufe (d) kombiniert wind. 

7. Verfahren nach Anspruch 6, bei dem mindestens ein Teil des im Bereich von 160 bis 260 °C (320 bis 500 °F) sie- 
denden Produkts aus Stufe (b) mit mindestens einem Teil des im Bereich von 160 bis 260 °C (320 bis 500 °F) sie- 

40 denden Produkts aus Stufe (d) kombiniert wird. 

8. Verfahren nach einem der vorhergehenden Anspruche, bei dem das aus Stufe (b) gewonnene Produkt im Bereich 
von 160 bis 370 °C (320 bis 700 °F), vorzugsweise im Bereich von 260 bis 370 °C (500 bis 700 °F) siedet. 

45 9. Verfahren nach einem der vorhergehenden Anspruche, bei dem das aus Stufe (d) gewonnene Produkt im Bereich 
von 160 bis 260 °C (320 bis 500 °F) siedet. 

Revendications 

so 1 . Proc6d6 de production de composants de carburants de transport form6s de distiliats moyens k partir du produit 
paraffin^ d'un proc6d6 de synthase d'hydrocarbures, qui comprend les stapes consistant: 

(a) k s6parer ledrt produit paraffins en une fraction plus lourde bouillant audessus de 260°C (500°F) et en au 
moins une fraction plus I6g6re bouillant au-dessous de 260°C (500°F), et k r6cup6rer s6par6ment lesd'rtes 

55 fractions plus lourde et plus I6g£re, 

(b) k isomgriser par voie catalytique ladite fraction plus lourde r£cup6r£e k l'6tape (a) en presence d'hydrogfcne 
et k r§cup6rer des produits souhait6s ayant de meilleures propri6t6s rh6ologiques k froid, 

(c) k hydrotraiter par voie catalytique au moins une fraction plus I6g&re et k en 6liminer les composes h6t6ro- 
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atomiques, et 

(d) k isom6riser par voie catalytique le produrt de l'6tape (c) pour produire un composant de carburant souhaite 
ayant un point de congelation de -34°C (-30°F) ou moins. 

5 2. Proc6d6 selon la revendication 1 , dans lequel le fraction plus I6gfcre bout dans la plage de C 5 -260°C (500°F). 

3. Proc&te selon la revendication 2, dans lequel la fraction plus Iggdre bout dans la plage de 160-260°C (320-500°F). 

4. Proc6d6 selon Tune quelconque des revendications pr6c6dentes, dans lequel la fraction plus lourde est sensible- 
10 mertexerrptedemat6riauxbouiilantendessousde260 o C(500 o F). 

5. Proc6d6 selon la revendication 4, dans lequel la fraction plus lourde conf ient moins d' environ 3% d'hydrocarbures 
bouillant en dessous de 260°C (500°F). 

15 6. Proc6d6 selon Tune quelconque des revendications pr6c6dentes, dans lequel au moins une partie du produit de 
l'§tape (b) est oombin6e avec au moins une partie du produit de l'6tape (d). 

7. Proc6d6 selon la revendication 6, dans lequel au moins une partie du produrt de l'6tape (b) bouillant dans la plage 
de 160-260°C (320-500°F) est combine avec au moins une partie du produit de TStape (d) bouillant dans la plage 

20 de 160-260°C (320-500°F). 

8. Proc6d6 selon Tune quelconque des revendications pr6c6dentes, dans lequel le produit r6cup6r6 k l'6tape (b) bout 
dans la plage de 160-370°C (320-700°F), de preference de 260-370°C (500-700°F). 

25 9. Proc£d£ selon rune quelconque des revendications pr£c6dentes, dans lequel le produit r£cup£r6 & I'etape (d) bout 
dans la plage de 160-260°C (320-500°F). 
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